Abstract Opioid analgesics have been used increasingly over the past 20 years for the management of chronic noncancer pain in the USA under the assumption that they were safe and effective when used as directed. The accuracy of that assumption has not been tested against accumulated evidence. The safety of opioids used on a long-term basis has not been tested in clinical trials. Epidemiologic evidence from examinations of such use in the general population indicates that the risk of overdose increases in a doseresponse manner. Such evidence also suggests increased risk of fractures and acute myocardial infarctions among elderly users of opioids for chronic pain. Experimental evidence supports short-term use of opioids, but trials of long-term use for chronic pain have not been conducted. Epidemiologic evidence suggests that long-term use does not result in improvement in function or quality of life while being associated with significant dropout rates and a high prevalence of adverse drug effects. Substantial fractions of patients are not using opioid analgesics as directed, while millions of US residents are using them without a prescription for nonmedical reasons. A prudent treatment approach consistent with the available evidence would be to reserve chronic opioid therapy for serious pain-related problems for which the effectiveness of opioids has been demonstrated and for patients whose use as directed is assured through close monitoring and for whom an explicit, informed calculation has been made that the benefits of opioids outweigh the risks.
Background
Historically, concerns about long-term use of opioids to treat chronic pain were related to two factors: fear that chronic use would be associated with an unacceptably high risk of addiction and a belief that neuropathic pain (which accounts for much chronic intractable pain) is not responsive to opioids [1, 2] . These two factors were embedded in the teaching that persisted throughout most of the twentieth century, i.e., that opioids should be avoided when treating chronic pain. In the 1980s, however, borrowing from their experience in palliative care, a number of physicians began treating chronic non-cancer pain with opioids and subsequently promoted chronic opioid therapy (COT) on the basis of the success they had in their own practices. Beginning slowly in the early 1990s, but accelerating over time, the paradigm for chronic pain treatment shifted toward the acceptance of COT. Now, almost 20 years later, it is time to review the current assumption that opioids are safe and effective when used as directed. Each part of that assumption can now be tested against the real-world experience gained from more permissive use of opioids for treatment of chronic pain in the USA.
Safety
As opioid prescribing increased during the 1990s, the first sign of a safety issue, unrecognized at the time, was an increase in the rate of drug overdose death by 1995 [3] . Opioid analgesic overdose deaths could not be identified as the cause of the mortality increase until the USA adopted a new coding scheme that separated opioid analgesics from heroin for the first time in 1999 [4] . It then shortly became clear that opioid analgesics were driving the increase ( Fig. 1) . At about the same time, it became apparent that emergency department visits from overdoses of opioids had multiplied [5] . By 2009, well over 100,000 overdose deaths linked to opioid analgesics had occurred. In 2009 alone, more than 15,500 such deaths were recorded. While many people who died had obtained their drugs through diversion, many were also being treated with opioids for pain [6] . Questions quickly arose as to the safety of opioid analgesics.
Assessments of a drug's safety traditionally rely on measurement of the frequency and severity of adverse events in a treated population compared with an untreated population. Ideally, such a comparison is made in a randomized clinical trial (RCT) so that the treated and untreated populations are comparable. However, no placebo-controlled, long-term RCT on the safety of opioids for chronic pain has been conducted [7, 8] . Data from uncontrolled time series studies are available, but such prospective studies typically exclude patients with a history of addiction or abusive behaviors [8] and therefore do not reflect use in the real world.
Epidemiologic studies observing typical patients treated long term with opioids might be the best available evidence related to the question of safety. Six such studies published since 2010 have found significantly increased risk of overdose associated with the use of opioids, not including opioids obtained from substance abuse treatment programs. In the first study, among patients diagnosed with chronic pain in a health maintenance organization, the risk of opioid overdose, either fatal or nonfatal, was 0.04 % per year when not being treated with opioids and 0.22 % when being treated. The risk increased steadily with daily dosage to 1.79 % per year at 100 or more morphine milligram equivalents (MME) per day [9] . The hazard ratio was 8.87 (95 % confidence interval (CI) 3.99-12.48) for 100+MME/day compared with a dosage of 1-<20 MME/day. A study of opioid use in Canada among people receiving public assistance found a risk of fatal opioid overdose of 0.1, 0.4, and 0.5 % per year for those being treated at ≤200, 201-400, and 400+MME/day, respectively [10] . Other studies have found consistent, strong, dose-response relationships between the use of opioids and the risk of both fatal [11] [12] [13] and nonfatal [14] overdose. Increased risk has been seen for those with and without substance abuse disorders and for both cancer pain and other kinds of chronic pain [11] . Nonetheless, even in the lowest-risk groups, researchers could not know whether patients in these studies took their opioids exactly as directed or misused them, e.g., sold them to others, used them with other drugs of abuse, etc. Prescribers, of course, face similar uncertainties.
Four recent studies of older adults have also suggested a substantial increase in serious adverse events other than overdoses among older adults initiating the use of opioid analgesics. Saunders found an incidence of fractures of 10.0/ 100 person years among older (60+years old) people using opioids for chronic pain versus a risk of 3.8/100 person years among nonusers [15] . Solomon found that the incidence of fractures was 10.1/100 person years among Medicare beneficiaries (mean age 80 years) using opioids for arthritis versus 2.6/100 person years in a population matched on propensity scores using nonsteroidal antiinflammatory drugs (NSAIDs). Cardiovascular events such as acute myocardial infarctions occurred at a rate of 12.2/ 100 person years in the opioid group and 7.7/100 person years in the NSAID group. Both differences were statistically significant [16] . Miller studied older adults (65+years old) with arthritis and reported results similar to those of Solomon: fractures occurred at a rate of 12.0/100 person years among those who initiated use of an opioid compared with a rate of 2.5/100 person years among those starting an NSAID (hazard ratio 4.9, 95 % CI 3.5-6.9). Risk increased steadily with increasing opioid dose and was greatest during the first 2 weeks of use [17] . A fourth study found similar risk increases for falls with use of opioid analgesics [18] . While multiple prescription drugs might have adverse effects on the elderly, the greater fracture risk from opioids should be accompanied by a greater benefit to justify their choice over available alternatives such as NSAIDS.
What risk of adverse events from long-term opioid therapy is unacceptable? A comparison to recent experience with a non-opioid analgesic might provide a benchmark for unacceptable risk. Rofecoxib (Vioxx®) was introduced as a COX-2 NSAID in the USA in 1999 and heavily marketed for its lower risk of gastrointestinal bleeding when compared with traditional NSAIDs. In 2000, results of an RCT indicated a risk of acute myocardial infarction (AMI) of 0.4/100 person years among people with arthritis treated with rofecoxib compared with 0.1/100 person years risk for patients treated with naproxen, but the difference was initially attributed to a cardioprotective effect of naproxen [19] . However, a meta-analysis published in 2001 found an annual AMI risk of 0.7 % among patients receiving rofecoxib compared with 0.5 % among patients on placebo [20] . The use of rofecoxib continued: between 1999 and 2004, 107 million prescriptions of rofecoxib were written in the USA [21] . Three subsequent epidemiologic studies found a two-to fourfold increase in the risk of AMI with the use of rofecoxib at higher dosages compared with no use [21] [22] [23] . Merck withdrew rofecoxib from the market in 2004 because of the risk of AMI, despite the fact that rofecoxib significantly reduced the risk of gastrointestinal bleeding compared with NSAIDs in an RCT [24] . The latest analysis has suggested that rofecoxib caused 1,637 AMI deaths each year it was on the market [25] .
For both COT and rofecoxib, epidemiologic studies indicate greater risk for adverse events when compared with NSAIDs. Studies of overdose risk from COT have no appropriate comparators since overdoses from alternative analgesics are relatively rare. Comparing risks of injury from falls and overdose with the risk of medical complications such as gastrointestinal bleeding from NSAIDs is difficult. Nonetheless, the story of rofecoxib indicates that pharmacoepidemiologic data should not be discounted in the absence of RCTs. Such data might be the only way to decide on acceptable risk.
Effectiveness
The studies that can be found in the literature from the late 1980s and early 1990s strongly support the efficacy of longterm opioid therapy [26] . A report by Portenoy and Foley in 1986 can be considered as a seminal article because it was widely cited in support of chronic opioid therapy [27] . These authors reported improvements in pain and function for 38 patients with non-cancer pain diagnoses treated for up to 7 years with moderate doses of opioids. Their findings were mirrored in many other published case series at the time-COT appeared to benefit the patients treated and be associated with low risk [26] . More recently, observational studies have expanded to include open-label continuation studies undertaken as part of the design for the growing number of RCTs being conducted to assess opioid efficacy in chronic pain. For these observational studies, again, useful short-term analgesic efficacy is established, but overall, no conclusions can be reached about COT's ability to improve function or quality of life [28] . What is important to recognize in terms of the observational studies that broadly provide strong support for COT, at least in terms of analgesic efficacy, is that the majority of these studies are conducted for months, not years, and the doses used in the studies fall in the moderate range. The fact that there are only a few outliers in these studies, both in terms of length of treatment and dose [29, 30] , reflects actual practice where evidence suggests that low-to moderate-dose usage is more common, and high-dose therapy (100+MME) is relatively rare [31, 32] . An important new finding of the open-label studies is that up to 60 % of patients who start COT abandon the therapy for lack of efficacy or intolerable side effects [28, 33, 34] .
Old and established treatments do not need to be tested for efficacy by RCTs. Morphine, being such, was not tested, and in fact, there was a paucity of RCTs evaluating opioids in chronic pain patients until as late as the 1990s. When Portenoy and Foley published their 1986 observational study, there were virtually none. When RCTs to test opioid efficacy in chronic pain conditions first appeared, they addressed specific questions: were newer formulations superior? and were chronic pain conditions responsive, especially neuropathic pain, which was previously believed to be unresponsive? Not surprisingly, RCTs have tended to focus on just two types of chronic pain: neuropathic and musculoskeletal. Also, these trials are conducted for relatively short periods (generally weeks rather than months); patients are carefully selected (for example, patients with risk of substance use or other mental health disorders are screened out), and doses used are generally low to moderate (up to 100 MME), with 180 MME being the highest and an outlier [35] . The standard randomized studies can inform us about short-term analgesic efficacy and side effects, but clearly, they cannot inform about long-term efficacy or adverse outcomes that arise when opioids are used for years rather than weeks or months. Since 1990, increasing numbers of published RCTs, systematic reviews, and meta-analyses have assessed COT. Addressing specifically the issue of responsivity of neuropathic pain to opioids, Eisenberg et al. in 2005 found eight trials demonstrating superior analgesic efficacy for up to 28 days [1] . Kalso et al. in 2004 found good short-term analgesic efficacy in both neuropathic and musculoskeletal pain for up to 8 weeks across 11 studies [33] . These studies have gradually disproved the myth that neuropathic pain does not respond to opioids. More recently in 2009, a Cochrane review by Nuesch et al. of opioid treatment of osteoarthritic pain including ten trials found superior analgesic efficacy over the short duration of the trials, no real differences in efficacy between different opioids, but a significant association with adverse effects; again, dropout rates were high [34] . Papaleontiou et al. in 2010 specifically selected articles on older adults, finding 43 (31 RCTs) on patients over 60 years of age [36] . They concluded that COT was associated with reduced pain intensity and improved physical functioning but poorer mental health, at least for short-term therapy.
We have seen consistent support for COT from observational and trial data, but these types of data are limited to relatively short-term use in select populations. Biologically, however, dependence on opioids may take years to develop, and dependence may seriously impair opioid effectiveness [37, 38] . Epidemiologic studies may be the only way we can learn about the long-term effects of certain treatments; opioids may be a case in point. Many of our concerns about safety and efficacy are arising from the epidemiologic studies that are now emerging. Epidemiologic data have their own limitations, largely related to their inability to prove causation. In the case of COT, this is particularly troublesome because it is likely that opioid users are sicker than non-opioid users and that higher doses are used by sicker people. As delineated by Bradford-Hill, however, conditions do exist where epidemiologic associations are more likely to be causal, including the strength, consistency, and biological plausibility of the associations [39] . In aggregate, the epidemiologic data on opioids are painting a consistent but very different picture than that produced by observational data and trials with respect to analgesic efficacy, improvements in function, and quality of life.
One of the first studies to raise concern came from Denmark and compared 228 opioid-treated pain patients with 1,678 matched and non-opioid-treated patients [40] . After controlling for both disease and pain severity, opioid usage was significantly associated with worse pain, worse selfreported health, lower levels of activity and employment, higher healthcare utilization, and poorer quality of life. Subsequent epidemiologic studies report similar findings [41, 42] . A large body of literature now exists, demonstrating low levels of return to work for injured workers treated with opioids relative to those not receiving opioids [43] [44] [45] [46] [47] . Evidence is accumulating that patients treated with opioids who remain on the treatment for more than 90 days are likely to dose-escalate and are unlikely to discontinue the therapy [48, 49] . This in itself speaks to the issue that the neuroadaptations that arise during long-term opioid therapy reduce analgesic efficacy while also making it hard for individuals to discontinue the treatment despite low efficacy and safety [38] . Perhaps most concerning is the accumulating evidence that the patients who stay on opioids and reach the high dose levels, now proving to be ineffective and unsafe, tend to be exactly those individuals we know are likely to spiral out of control, namely those with risk factors for mental health and substance use disorders [14, 31, [49] [50] [51] [52] [53] [54] [55] [56] . In short, the epidemiologic data are highlighting that for many of the individuals who continue with COT (and a majority do not), treatment failure and loss of control may be signaled by dose escalation and prolonged use (>90 days) [49] , while there is some indication that lowdose and intermittent opioid users may be the patients that do not develop control issues [57, 58] and derive the greatest benefit [31, 35] .
Use As Directed
The safety and effectiveness of opioid analgesics cannot be predicted if they are not used as directed. It is therefore worth inquiring how much of their long-term use in the USA today is "as directed". Several lines of evidence shed light on how opioids are used long-term by patients: responses of patients when asked how they used their drugs, observations of patients engaged in aberrant drug-related behaviors, and toxicology testing for indications that patients were not using their drugs in a manner consistent with the prescribed regimen. Not using as directed is described in other contexts as being noncompliant or, less prejudicially, as being nonadherent [59] .
Nonadherence can include taking too much of a medication, affecting safety, and taking too little of it, reducing effectiveness. Studies that have quantified adherence to long-term medication find that roughly 50 % of patients are nonadherent to treatment for a variety of conditions [60] . Adherence might be expected to be somewhat different for opioids than for drugs for other chronic conditions because opioids are addictive, potentially making overuse more likely, and because failure to use the drugs might result in an increase in pain. On the other hand, pain, unlike problems such as hypertension, might be intermittent. Therefore, it might be appropriate to use less than directed as long as leftover drugs are not diverted to other people.
Patient self-reports of how they use their prescribed opioid analgesics are subject to underreporting of use other than as directed [61] , perhaps because of fear of repercussions. Nonetheless, reporting overuse is more common than reporting underuse. In one HMO, a survey of patients using opioids for chronic non-cancer pain found that 46 % reported using opioids for non-pain symptoms, 42 % reported nonadherence such as increasing the dose on their own, and 16 % reported drug-sharing behaviors [62] . In a telephone survey in Utah, 3.2 % of patients prescribed with opioids admitted to using their opioid medication more frequently or in higher doses than prescribed, and 72.0 % reported that they had leftover medication [63] . Most opioid prescriptions in this study were for acute pain, however, and might have been prescribed on an as-needed basis. Among secondary school students in Michigan, 20.1 % reported nonprescribed use of their own opioid analgesic prescriptions, primarily taking more than prescribed [64] .
The behavior patterns of patients being prescribed with opioids serve as indirect measures for failure to use opioids as directed. Aberrant drug-related behaviors (ADRBs) among such patients have been quantified. ADRB include behaviors such as nonmedical routes of administration such as injection, unsanctioned dosing or dose escalation, and selling their drugs [65] . A structured, evidence-based review found that on average, 11.5 % of patients on chronic opioid analgesic therapy exhibited ADRB [66] . Other researchers have used DSM-IV criteria to quantify opioid dependence among patients in a general medical population using opioids long-term, finding that 26 % met the criteria for current and 36 % for lifetime opioid dependence [67, 68] . Similarly, the prevalence of an indicator of possible current opioid misuse by patients on COT was 24 %, based on claims in a large commercial insurance database [69] .
Perhaps the most sensitive measure of whether patients are using their opioids as directed is toxicologic testing. Data from clinical laboratories are available for urine drug tests conducted on chronic pain patients being monitored for nonadherence. A national laboratory dataset for nearly one million tests conducted during 2006-2008 revealed that 38 % of patients had no detectable level of their prescribed opioid analgesic, 15 % had a drug level lower than expected, and 27 % had a drug level higher than expected [70] . These data are subject to selection bias because prescribers might have preferentially tested patients whom they suspected of nonadherence. Other studies have found high rates of problematic drug test results in settings where all patients were routinely tested. For example, among all patients receiving COT in one pain clinic, 29 % had "positive" urine toxicology [61] . In another clinic, 45 % of patients were found to have abnormal urine screens [71] . However, patients seen in specialized pain clinics might also be more likely to have substance abuse problems. Unfortunately, no random sample of urine tests of patients taking opioids long term is available, but nonadherence appears common in many subpopulations of users.
Another approach to measuring adherence is to quantify the different types of users of opioids long term within the US population as a whole rather than within patient populations. In the 2010 National Survey of Drug Use and Health (NSDUH), 4.8 % of the US population 12 or more years old, 12.2 million people, reported nonmedical use of prescription opioids in the past year (i.e., use without a prescription or for the feeling they cause) [72] . Long-term nonmedical use, for example, for 30 or more days in the past year, was reported by nearly 2 % (4.6 million) of the US population in the NSDUH [73] . By comparison, an estimated 10 million US adults were on COT in 2005, based on extrapolation from the medical records of a health maintenance organization [74] . Some of these patients might have also met the definition of nonmedical use if they were using their prescribed opioids for the feeling they caused. Some might have given their drugs to others. Based on the substantial number of nonmedical users, on average, some proportion of each opioid analgesic prescription will be employed for nonmedical use either by patients or by those who obtain their drugs.
These multiple sources of evidence about how opioids are used once prescribed suggest that, while people will admit to researchers that they use these drugs inappropriately, they are unlikely to admit such behavior to the people who prescribe the drugs. As a result, prescribers have limited assurance that "use as directed" will occur.
Conclusions
Evidence that questions the dominant paradigm supporting COT is accumulating. Opioid analgesics are being used on a long-term basis for chronic pain in the USA today under assumptions of safety, effectiveness, and use as directed with limited empiric support. Such widespread use is inarguably resulting in misuse and diversion of substantial amounts of drugs, behaviors that drive increasing rates of overdoses and other adverse health outcomes. A prudent treatment approach consistent with the latest evidence would be to reserve chronic opioid therapy for serious pain-related problems for which the effectiveness of opioids has been demonstrated and for patients whose use as directed can be assured through monitoring and for whom an explicit, informed calculation has been made that benefits outweigh risks.
